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(54) PNEUMATIC RADIAL TIRE 

(57) A pneumatic radial tire in which only two wide 
straight main grooves are arranged on the left and right 
sides of an equator of the tire to define a region, which 
lies between these two main grooves, as a rib, lug 
grooves and/or sipes which extend in the widthwise 
direction of the tire being arranged in shoulder regions 
on the outer sides of the main grooves to form rows of 
blocks in which the blocks are lined in the circumferential 
direction of the tire, a distance a between the equator 
and an equator-sid e portion of a main groove and a width 
b of the main grooves being set in the following ranges 
with respect to a ground contact half-width W respec- 
tively of a tread surface. 

0.10 s a/W =5 0.38 
0.17 =sb/W*i 0.25 
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Description 

Technical Field: 

5 This invention relates to a pneumatic radial tire in which the wet performance (draining characteristics) is improved 
without deteriorating the steering stability, abrasion resistance and noise characteristics on a dry road, and more par- 
ticularly to a pneumatic radial tire useful for passenger cars. 

Background Art: 

10 

Since the draining characteristics of a tire for passenger cars deteriorate as a ground contact width of a tread thereof 
increases due to the flattening of the tire, a tread pattern of excellent draining characteristics has been employed in 
consideration of the safety of the car in the rain. Such a tread pattern of excellent draining characteristics generally 
comprises a block pattern having a plurality of straight main grooves formed in a tread surface so as to extend in the 

75 circumferential direction of the tire and tire-width-direction lug grooves crossing the straight main grooves. 

However, a block pattern provided with a plurality of such straight main grooves and lug grooves has a decreased 
ground contact area of a tread with respect to a road surface and a decreased rigidity of a tread. Therefore, when a lane 
is changed during a high-speed travel of a car on a dry road, or when a car is turned in this condition, the steering 
stability of the car decreases, and. moreover, the abrasion resistance of a tire lowers. Since an increase in the number 

20 of the lug grooves causes the number of blocks to increase, the pattern noise increases, and the noise characteristics 
deteriorate. 

A block pattern in which wet performance is provided by forming a single, width-increased, straight main groove in 
a central region of a tread so as to solve these problems has been proposed. However, it cannot be said in this block 
pattern that the noise characteristics and abrasion characteristics are improved satisfactorily as expected. Moreover, 
25 the large-width main groove formed in the central region of a tread causes the rigidity and (pound contact area to 
decrease, so that the steering stability is not sufficiently improved. 

Disclosure of the Invention: 

30 An object of the present invention is to provide a pneumatic radial tire in which the wet performance is improved 
without causing the steering stability, abrasion resistance and noise characteristics to lower. 

The pneumatic radial tire according to the present invention which achieves this object is characterized in that two 
wide main grooves of not less than 1 0 mm in width are arranged in the portions of a tread surface which are on the left 
and right sides of the equator of the tire, to define a region, which lies between these two main grooves, as a rib, lug 

35 grooves and/or sipes which extend in the widthwise direction of the tire being arranged in shoulder regions on the outer 
sides of the main grooves to form rows of blocks in which the blocks are lined in the circumferential direction of the tire, 
a distance a between the equator and an equator-side edge portion of a main groove and a width £ of the main grooves 
being set in the following ranges with respect to a ground contact half-width W respectively of a tread surface. 

40 0.10 =s a/W s 0.38 

0.17 sb/Ws 0.25 

The "main grooves" referred to in the present invention are grooves having a width of not less than 5 mm According 
45 to the present invention, only two such main grooves having a width k of not less than 1 0 mm, i.e. a large width having 
the above-mentioned relation with respect to the ground contact-half -width W of a tread surface are provided on both 
sides of the equator with no other main grooves provided, whereby the draining characteristics of the tire are improved. 
Since the region lying between these two main grooves is formed as a rto of a high rigidity defined by a/W above, the 
ground contact pressure of the central region of the tread increases to a high level. Therefore, the steering stability of a 
so car having such tires can be improved as compared with that of a car having conventional tires of this kind in which only 
one large-width main groove is formed in the central region of a tread for the purpose of improving the wet performance. 

Moreover, these effects are secured by setting a distance a between the equator and an equator-side edge portion 
of a main groove and a width of the main groove to levels defined by the above expressions with respect to a ground 
contact half-width W of a tread surface respectively. Accordingly, it becomes possible to reduce the width of the lug 
55 grooves, whereby the noise characteristics and abrasion characteristics can be improved. 

Th ground contact half-width W of a tread surface referred to in the present invention means 1/2 of a ground contact 
width of a tread surface measured when a tire contacts a ground surface with 80% of a standard design load at a standard 
air pressure prescribed in JATMA. 
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Brief Description of Drawings: 

Fig. 1 is a plan view of an exampl of a tread pattern provided on the pneumatic radial tire according to the present 
invention; 

s Fig. 2 is a sectional view of an example of the pneumatic radial tire according to the present invention; 

Fig. 3 is an enlarged sectional view of a half of a tread portion of the pneumatic radial tire shown in Rg. 2; 

Fig. 4 is an explanatory drawing graphically showing the relation between a/W and wet performance; 

Fig. 5 is an explanatory drawing graphically showing the relation between b/W and wet performance; 

Fig. 6 is an explanatory drawing graphically showing the relation between a radius of curvature Ra of chamfered 
w portions and steering stability; 

Fig. 7 is a plan view showing an example of a tread pattern of a conventional tire; and 

Fig. 8 is a plan view showing another example of a tread pattern of a conventional tire. 

Best Mode for Carrying Out the Invention: 

75 

The present invention will now be described with reference to the embodiments shown in the drawings. 
Fig. 7 shows an example of a conventional tread pattern having excellent draining characteristics. In the example 
of Fig. 7, a plurality of straight main grooves 1 extending in the circumferential direction of a tire, and lug grooves 2 
crossing these straight main grooves 1, i.e.. extending in the widthwise direction of the tire are provided in a tread surface 

20 to form blocks 4. A reference numeral 6 denotes short grooves, and 8 si pes. Arranging straight main grooves 1 and lug 
grooves 2, which are inclined with respect to the equator C of a tire and cross the straight main grooves 1 , in this manner 
is advantageous for obtaining excellent draining characteristics. However, the lug grooves 2 in the example of Fig. 7 are 
provided in the central portion as well of the tread surface which is in the vicinity of the equator C, so that the ground 
contact area (ground contact characteristics) decreases to cause the rigidity of the tread to lower. Consequently, the 

25 steering stability decreases, and the abrasion resistance and noise characteristics deteriorate. 

Fig. 8 shows another example of a conventional tread pattern having excellent draining characteristics. In the exam- 
ple of Fig. 8, a straight main grave 1 is widened and provided solely in the central region of a tread. In this case, the 
wet performance, noise characteristics and abrasion characteristics are improved but the ground contact characteristics 
of the central portion in which the widened straight main groove 1 is provided decreases. Therefore, the steering stability 

30 is not sufficiently improved. 

Figs. 1 and 2 show an example of the pneumatic radial tire according to the present invention used as a radial tire 
for a passenger car, wherein Rg. 1 is a plan view showing a tread pattern thereof; and Rg. 2 a sectional view showing 
the construction of an inner portion of the tire. 

The construction of the inner portion of the tire is substantially identical with that of the inner portion of a conventional 

35 pneumatic radial tire. Rg. 2 shows an example of the construction, in which bead portions 1 1 and side wall portions 14 
are joined to the left and right sides of a tread 1 5, these portions being generally formed to an annular body. A carcass 
layer 1 3 inserted in the inner side of the tire has carcass cords comprising organic fiber cords of nylon or polyester and 
arranged at an angle of 80°-90° with respect to the circumferential direction of the tire. Both end portions of the carcass 
layer 13 are folded back from the inner sides of the tire to the outer sides thereof around bead cores 12 buried in the 

40 bead portions 11. 

Two belt layers 16 comprising cords of a high strength and a high elastic modulus, such as steel cords are provided 
on the outer circumferential side of the carcass layer 1 3 in the tread portion 1 5. Bert covering layers 1 7 in which reinforcing 
cords, such as nylon cords are arranged substantially in parallel with the circumferential direction of the tire are provided 
on the outer sides of both end portions of the belt layers 16. The belt covering layers 17 may be provided not only on 
45 both end portions of the belt layers 16 but also over the whole width thereof. 

The characteristics of the present invention reside in a tread pattern provided on the surface (tread surface) of the 
tread portion 15, and Rg. 1 shows an example thereof. 

The tread surface is provided therein with two straight main grooves 1 the width of which is very much larger than 
that of a main groove employed in a general pneumatic tire for a passenger car, these main grooves 1 being arranged 
so on the left and right sides of the equator C of the tire. No other grooves defined as main grooves of not less than 5 mm 
in width then these large-width straight main grooves 1 are provided. Between these two main grooves 1 , a large-width 
rib (center rib) 5 is formed. A straight narrow groove 7 may be provided in the center of this rfo 3 so as to extend over 
the whole circumferential length of the tire. Since this narrow groove 7 has a width of less than 5 mm, it is not included 
in the main grooves referred to in the present invention. 
55 In the case of the tread pattern of Rg. 1, the two main grooves 1 are provided symmetrically with respect to the 
equator C of the tir but they may also be provided asymmetrically. The width of the left and right main grooves 1 may 
b equal as shown in the drawings, and different from each other. 

The shoulder portions positioned on the outer sides of the main grooves 1 are provided therein with lug grooves 2 
extending in the widthwise direction of the tire. These I ug grooves 2 are provided so as to be spaced in the circumferential 
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direction of the tire at an arbitrary pitch, whereby rows of blocks 4 separated from each other by the lug grooves 2 and 
lined in the circumferential direction of the tire are formed. The blocks 4 may be separated by providing sipes (not shown) , 
which extend in the wkJthwise direction of the tir , instead of the lug grooves 2, or by providing both the lug grooves 2 
and sipes (not shown) extending in the wkfthwis direction of the tire. The shoulder portions and center rib 3 may be 
5 provided as necessary with short grooves 6 and sipes 8 for regulating the rigidity thereof. When the rigidity of the center 
rib 3 is too high as compared with that of the shoulder portions, uneven abrasion is liable to occur on the center rib 3. 
In such a case, short grooves 6 and sipes 8 are provided in the center rib 3 so as to reduce the rigidity of the center rfo 
3. The straight narrow groove 7 in the center of the center rib 7 is also provided for the purpose of regulating the rigidity 
of the center rib 3. 

10 In the above-mentioned tread pattern, the width b of the large-width main grooves 1 is set to not less than 10 mm, 
and in the range of 0.17 s b/W =s 0.25 with respect to a ground contact half-width W of the tread, and a distance a 
between the equator C of the tire and an equator-side edge portion of a main groove 1 in the range of 0.10 a/W 
0.38 with respect to the ground contact half-width W, whereby the width of the rib 3 is specially determined. 

Since the width b of the large-width main grooves 1 is set to not less than 0. 1 7 times the ground contact half-width 

15 W of the tread surface, excellent draining characteristics can be displayed by the two main grooves 1 alone. However, 
even when the width b of the main grooves is increased to a level in excess of 0.25 times the ground contact half-width 
W, the draining characteristics-improving effect does not increase any more, and, conversely, the steering stability and 
brasion resistance deteriorate due to a decrease in the ground contact area. 

The width of the rib 3 is increased by setting the distance a to not less than 0.10 times the ground contact half-width 

20 W of the tread surface, whereby a ground contact pressure of the central region (central portion) of the tread is secured. 
Accordingly, the steering stability is not spoiled as compared with that of a tire in which a large-width main groove 1 
designed so as to improve the draining characteristics thereof is provided solely in the central region. However, when 
the distance a is increased to a level in excess of 0.38 times the ground contact half-width W of the tread, the width of 
the rib 3 in the central region becomes too large, so that the draining characteristics deteriorate. The depth of the main 

2S groove 1 may be 66-88% of the thickness of the tread- 
Since the draining characteristics of the tire having the above-mentioned tread pattern is improved by only the two 
large-width main grooves 1 , the width of the lug grooves 2 provided as drainage aids in the shoulder portions can be 
set smaller than that of similar grooves provided in a regular tire. Namely, the width of the grooves 2 can be set to 1 .5- 
5 mm, whereby the noise (pattern noise) can be reduced. The depth of the lug grooves 2 may be set equal to or 80- 

so 1 00% of that of the main grooves 1 , which is, for example, 6.5-8.1 mm. When sipes extending in the widthwise direction 
of the tire are provided instead of the lug grooves 2, or when such sipes are provided together with the lug grooves 2, 
the width of the sipes may be set to 0.4-1.5 mm. The depth of the siphonic cuts may be 50-80% of that of the main 
grooves 1. 

According to the present invention, the area ratio of the grooves in the tread surface may be set in the same range 
35 as that of the grooves in a conventional pneumatic radial tire. It may be set preferably to 25-45%, and more preferably 
to 30-40%. 

The above-mentioned tread pattern according to the present invention has a comparatively low aspect ratio, and 
can display a remarkable effect when it is applied to a large-width radial tire. The aspect ratio is preferably 35-80%, and 
more preferably 50-65%. 

40 The ground contact half-width of the tread surface may be set to 40-1 20 mm, and preferably to 60-1 20 mm. 

As shown in Fig. 3, the main grooves 1 is preferably chamfered arcuately at the edge portions thereof which contact 
the tread surface. Owing to these chamfered portions, the ground contact area of the tread with respect to a road surface 
increases during a cornering operation, and this enables the steering stability to be further improved. A radius of curvature 
Ra of these chamfered portions may preferably be set to 3-10 mm. 

45 

Example 1: 

Tires 1 -5 according to the present invention in which only a ratio (a/W) of a distance a between the equator and a 
main groove to a ground contact half-width W of a tread was set differently to 0.10, 0.15, 0.20, 0.30. 0.35 and a corn- 
so parative tire 1 in which this ratio only was set to 0 .40 were manufactured with the following conditions in the specifications 
for the tires set in the same manner. 

A conventional tire 1 in which the tire size, area ratio of grooves and ground contact half-width W were set in accord- 
ance with the following specifications for the tires was manufactured for making comparison standards, except that the 
width of the main grooves was changed (=6.5 mm) from the width employed in the example of Fig. 7 having four main 
55 grooves. 
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(Specifications for the tires) 

Tire size: 
215/65R15 
5 Tread pattern: 
Fig.1 

Area ratio of the grooves: 
34% 

Ground contact half^width W: 
10 77 mm 

Width b of the main grooves: 
16mm(b/W=0.208) 

The wet performance of the seven kinds of radial tires mentioned above was evaluated by the following measuring 
75 method, and the results are shown in Fig. 4. (Method of determining the wet performance) 

A water-sprinkled area having a depth of water of 1 0 mm was provided in a portion of a circular test course of 100 
m in radius, and passenger cars of 2000 cc displacement to which the test tires were attached were made run at a 
predetermined speed on this test course. The speed was incremented 5 km/h, and lateral acceleration due to a skid of 
the cars occurring when the cars entered the water-sprinkled area at each speed was measured. A larger lateral accel- 
20 eratbn means a larger skid and inferior wet performance. 

The evaluation values of wet performance shown in Fig. 4 are shown by reciprocals of total lateral accelerations of 
the test cars made run five times, and they are turned into indexes based on a base index of 100 which represents the 
level of wet performance of the conventional tire 1. The larger indexes mean higher wet performance. 

ft is understood from the results in Fig. 4 that the tread pattern of Rg. 1 readily causes a skid to occur on a wet road 
25 surface both when a distance a between the equator of a tire and a main groove is too short and when the distance a 
is too long, and that the tires 1-5 according to the present invention in which a/W=0.1 0-0.38 attains a wet performance 
index of not less than 1 05 which has a significant difference from the same index of the conventional tire 1 . 

Example 2: 

30 

Tires 6 and 7 accord ng to the present invention in which only a ratio (b/W) of a width b of the main grooves to a 
ground contact half-width W was set differently to 0.21 and 0.25 and comparative tires 2 and 3 in which this ratio only 
was set differently to 0.163 and 0.26 were manufactured with the following conditions in the specifications for the tire 
set in the same manner. 

35 

(Specifications for the tires) 

Tire size: 
225/50R16 
40 Tread pattern: 
Fig.1 

Ground contact half-width W: 
100 mm 

Distance a between the equator and a main groove: 
45 20 mm (a/W=0.20) 

Regarding these four kinds of radial tires, the wet performance based on the measuring method described in 
Example 1 , and the steering stability on a dry road based on the following measuring method were evaluated, and the 
results are shown in Rg. 5. 

50 

(Method of measuring steering stability) 

The test tires of an air pressure of 2.0 kgt/cm 2 were set on rims the size of whichwas15x6 - 1/2 JJ, and the resultant 
wheels were attached to passenger cars (4000 cc displacement). These cars were made run by three professional 
55 drivers round a one-kilometer test course three times as the lanes were changed, and the ride feeling was evaluated by 
them. On the basis (1 00) of an average value of ride evaluation points concerning the conventional tir 1 , average values 
of ride evaluation points concerning the test tires wer turned into indexes. The larger indexes show higher steering 
stability. 
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It is understood from the results of Fig. 5 that, when th ratio of the width b of the main grooves in the tread pattern 
of Fig. 1 to the ground contact half-width W of the tread becomes smaller than 0. 17, the wet periormanc thereof cannot 
be maintained at a high level of the comparativ tire 2, i. .a level of not less than an index of 105 which constitutes a 
standard showing the presence of a significant difference with respect to the level of wet performanc of the conventional 
5 tire 1. 

When the ratio of the width b of the main grooves to the ground contact half-width W is set to not less than 1 .7, the 
wet performance can be improved to a high level of not less than an index of 1 05 just as in the tires 6, 7 according to 
the present invention with respect to that of the conventional tire 1 . However, in the comparative tire 3 in which the ratio 
of the width b of the main grooves to the ground contact half-width W was set as large as 0.26, the ground contact area 
10 of the tread becomes extremely small, so that the steering stability cannot be maintained at a level of not less than an 
index of 105 with respect to that of the conventional tire 1 . 

Example 3: 

is A conventional tire 2 having the following specifications was manufactured. 

Tire size: 
195/65R15 
Tread pattern: 
20 Fig. 8 

Area ratio of grooves: 
36% 

Ground contact half width W: 
70 mm 

25 Width of main grooves: 
26 mm 

Regarding this conventional tire 2 and the above-mentioned tire 3 accorcfing to the present invention and con- 
ventional tire 1 , the steering stability the measuring method for which is described in Example 2 and the abrasion resist- 
30 ance the measuring method for which is described below are evaluated to obtain the results shown in Table 1 . 

(Method of measuring abrasion resistance) 

Passenger cars (all the parts of which were accurately aligned) to which the test tires manufactured under the same 
35 conditions as those subjected to the above-mentioned steering stability measuring method were attached were made 
run on a predetermined course. Every time the cars had run 2000 km, the abrasion loss of the tire surfaces and a 
difference, if any, in the abrasion loss of different parts of the tire were measured. A reciprocal of the result of measurement 
of the conventional tire 1 was used as a basis (100), and the reciprocals of the results of measurement of these test 
tires were turned into indexes based on the base index of 100. The larger indexes show higher abrasion resistance. 



Tablet 





Steering stability (index) 


Abrasion resistance (index) 


Tire 3 according to the present invention 


102 


102 


Conventional tire 1 


100 


100 


Conventional tire 2 


95 


93 



50 

It is understood from Table 1 that both the steering stability and abrasion resistance on a dry road of the tire 3 
according to the present invention are higher than those of the conventional tires 1 and 2. 

Example 4: 

55 

Tires 8, 9, 1 0 according to the present invention were manufactured to the same construction as the tir 3 according 
to the present invention manufactured in Example 1, except that the edge portions of the main grooves in the tread 
surfaces were chamfered arcuately to different radii of curvature Ra of 3 mm, 8 mm and 10 mm respectively. 
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Regarding these three kinds of tires 8, 9, 10 according to the present invention, the steering stability described in 
Example 2 was evaluated, and the results were turned into indexes based on a base index of 100 which represented 
the steering stability of the tire 3 according to the present invention. The indexes are shown in Fig. 6. 

It is understood from Fig. 6 that the steering stability concerning the tires 8-10 according to the present invention in 

5 which the edge portions of the main grooves are chamfered arcuately is improved as compared with that concerning 
the tire 3 according to the present invention. 

According to the present invention, only two large-width main grooves of not less than 10 mm in width b having a 
specific ratio of the width b to a ground contact half-width W are arranged on both sides of the equator of a tire, so that 
the draining characteristics of the tire can be improved. Moreover, since a region lying between these two main grooves 

10 is formed as a rib of a high rigidity having a specifically set ratio of a/W. Therefore, the central region of the tread has 
an increased ground contact pressure. This enables the wet performance of the tire to be improved, and also the steering 
stability to be improved as compared with that of a conventional radial tire in which only one large-width main groove is 
provided in the central region of a tread thereof. Moreover, since these effects are secured by setting the distance a 
between the equator of a tire and the equator-side edge portion of a main groove and the width k of the main groove to 

75 specific levels with respect to the ground contact half-width W of the tread surface, it becomes possible to set the width 
of the lug grooves to a low level, and improve the noise characteristics and abrasion characteristics of the tire. 

Claims 

20 1. A pneumatic radial tire characterized in that two wide main grooves of not less than 10 mm in width are arranged 
in the portions of a tread surface which are on the left and right sides of an equator of said tire, to define a region, 
which lies between said two main grooves, as a rib, lug grooves and/or sipes which extend in the widthwise direction 
of said tire being arranged in shoulder regions on the outer sides of said main grooves to form rows of blocks in 
which said blocks are lined in the circumferential direction of said tire, a distance a between said equator and an 

25 equator-skJe edge portion of a main groove and a width b of said main grooves being set in the following ranges 
with respect to a ground contact half-width W respectively of a tread surface. 

0.10 * a/W =s 0.38 

30 0.17 =ib/W=s 0.25 

2. A pneumatic radial tire according to Claim 1 , wherein the width of said lug grooves is 1 .5-5 mm. 

3. A pneumatic radial tire according to Claim 1 , wherein the width of said sipes is 0.4-1 .5 mm. 

35 

4. A pneumatic radial tire according to Claim 1 , wherein said ground contact half-width W is 40-120 mm. 

5. A pneumatic radial tire according to Claim 1 , wherein a groove area ratio of said tread surface is 25-45%. 

40 6. A pneumatic radial tire according to Claim 1 , wherein edge portions of said main grooves which are joined to said 
tread surface are arcuately chamfered. 

7. A pneumatic radial tire according to Claim 6, wherein a radius of curvature of said chamfered portions is 3-10 mm. 

45 8. A pneumatic radial tire according to Claim 1 , wherein an aspect ratio of said tire is 35-80%. 
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FIG. 3 
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